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1
MECHANICAL SUCTION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a suction device, and
more particularly to a mechanical suction device that
securely and stably holds a workpiece on a work surface
with a vacuum suction so the workpiece can be processed
such as precision cutting or etching of the workpiece.

2. Description of Related Art

Machining devices such as milling machines generally
have a means to securely hold a workpiece 1n place as the
workpiece 1s processed with a cutter or drill.

One means to hold a workpiece 1n place uses multiple
tasteners such as clamps to fasten a workpiece of wood or
metal to a worktable. However, the fasteners often mar,
deform or otherwise damage the outer surface of the work-
piece.

Another means to hold a workpiece on a work surface
uses a vacuum suction. The suction means keeps the work-
piece Irom being marred, deformed or otherwise damaged.

Two kinds of assemblies with the suction means are jig
assemblies and suction disk assemblies.

With reference to FIGS. 9 and 10, a conventional jig
assembly 1n accordance with the prior art comprises a
worktable (80) and multiple j1gs (81). The worktable (80)
has a top surface and a vacuum pump. The j1gs (81) are
mounted detachably on the top surface of the worktable (80),
and each j1g (81) has a top surface and multiple through
holes.

The j1g assembly cooperates with a processing machine
such as a milling device having a cutter (83) to process one
or multiple workpieces (82). In operation, the worktable (80)
sucks and secures one of the jigs (81) with the vacuum
suction. The workpiece (82) 1s mounted on the top surface
of the secured j1g (81) and secured by the vacuum suction
through the through holes in the secured jig (81). Then, the
cutter (83) starts cutting the workpiece (82).

However, the workpieces (82) has different sizes, and the
11gs (81) need to be sized respectively by hand to correspond
to the workpieces (82) to successiully process the work-
pieces (82). Sizing the j1gs (81) with diflerent sizes by hand
1s inconvenient and time consuming.

With reference to FIGS. 11 and 12, a conventional suction
disk assembly 1n accordance with the prior art comprises
multiple suction disks (90) arranged 1n multiple rows. Each
suction disk (90) 1s hollow and has a top, a through hole and
multiple air tubes (91). The through hole i1s defined through
the top of the suction disk (90). The air tubes (91) are
connected to the suck disk (90), communicate with the
through hole and are connected to a suction device such as
a suction pump providing a vacuum suction through the air

tubes (91) and the through hole.

The suction disk assembly also cooperates with a pro-
cessing machine such as a milling device having a cutter
(93) to process one or multiple workpieces (92) attached to
the top surfaces of the suction disks (90) by the vacuum
suction. However, the suction disks (90) with the exposed air
tubes (91) look disorderly. During operation, the cutter (93)
may unexpectedly cut the exposed air tubes (91) and cause
the suction disks (91) to fail.

To overcome the shortcomings, the present mvention
provides a mechanical suction device to mitigate or obviate
the aforementioned problems.
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2
SUMMARY OF THE INVENTION

The main objective of the mvention 1s to provide a
mechanical suction device that easily attaches different sized
workpieces to a work surface and prevents a cutter of a
processing machine such as a milling device from unexpect-
edly cutting the suction device during operation.

A mechanical suction device in accordance with the
present mvention comprises a housing, multiple pneumatic
cylinder assemblies, multiple air piston assemblies and a
base.

The housing has a side, multiple top recesses, multiple
bottom recesses, multiple longitudinal air passages and
multiple transverse ports. The pneumatic cylinder assem-
blies are mounted on the side of the housing, and each has
a cylinder and a shaft valve. The air piston assemblies are
mounted in the housing, and each has an air piston mounted
in one of the top recesses. The shaft valves are mounted
slidably and respectively inside the transverse ports.

Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially exploded perspective view of a
mechanical suction device 1n accordance with the present
invention;

FIG. 2 1s a perspective view ol the mechanical suction
device 1n FIG. 1;

FIG. 3 1s a side view of a shaft in the mechanical suction
device 1n FIG. 1;

FIG. 4 1s a right side view 1 partial section of the
mechanical suction device 1n FIG. 2;

FIG. 5 1s an operational right side view in partial section
of the mechanical suction device 1n FIG. 4;

FIG. 6 1s a front view 1n partial section of the mechanical
suction device 1in FIG. 2:

FIG. 7 1s an operational perspective view of the mechani-
cal suction device 1n FIG. 2 with several air pistons raised;

FIG. 8 1s an operational perspective view of the mechani-
cal suction device 1n FIG. 2 with other air pistons raised;

FIG. 9 1s a top view ol a workpiece, a cutter and a
conventional jig assembly 1n accordance with the prior art;

FIG. 10 1s a side view of the workpiece, the cutter and the
conventional jig assembly 1n FIG. 9;

FIG. 11 1s a perspective view of a conventional suction
disk assembly 1n accordance with the prior art; and

FIG. 12 1s a side view of a workpiece, a cutter and the
suction disk assembly 1 FIG. 11.

DETAILED DESCRIPTION OF PR
EMBODIMENT

(L]
Y

ERRED

With reference to FIGS. 1 and 2, a mechanical suction
device 1n accordance with the present invention comprises a
housing (10), multiple pneumatic cylinder assemblies (20),
multiple air piston assemblies (30) and a base (40).

With further reference to FIGS. 4 and 6, the housing (10)
has a front, a top, a bottom, a right side, multiple top recesses
(11), multiple bottom recesses (12), multiple medial pas-
sages (15), multiple longitudinal air passages (13), multiple
transverse ports (19) and multiple longitudinal inlet tubes
(16).

The top recesses (11) are defined 1n the top of the housing
(10) and are arranged 1n multiple longitudinal rows, and the
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top recesses (11) 1n adjacent longitudinal rows form multiple
transverse rows. Each top recess (11) has a bottom surface
and an air 1nlet (111). The air mnlet (111) 1s defined 1n the
bottom surface of the top recess (11).

The bottom recesses (12) are defined 1n the bottom of the 5
housing (10) and correspond respectively to the top recesses
(11). Each bottom recess (12) has a top surface.

The medial passages (15) correspond to the top and
bottom recesses (11, 12), are defined 1nside the housing (10)
and communicate with and are mounted between the corre- 10
sponding top and bottom recesses (11, 12).

The longitudinal air passages (13) are defined longitudi-
nally through the housing (10) between the longitudinal
rows of the top and bottom recesses (11, 12) and are aligned
respectively with the longitudinal rows. 15

The transverse ports (19) are defined transversely through
the housing (10), correspond to and are located respectively
between transverse rows of the top and bottom recesses (11,
12). Each transverse port (19) crisscrosses and communi-
cates with the longitudinal air passages (13), 1s formed 20
below and communicates respectively with the air inlets
(111) 1n the top recesses (11) 1n one transverse rows and has
an mner diameter.

The longitudinal inlet tubes (16) are mounted on the front
of the housing (10) and correspond respectively to the 25
longitudinal air passages (13). Each longitudinal inlet tube
(16) has an open proximal end, an open distal end and a
through hole. The open proximal end 1s mounted through the
front of the housing (10) and communicates with and 1s
attached to a corresponding one of the longitudinal air 30
passages (13). The through hole 1n the longitudinal inlet tube
(16) 15 defined longitudinally through the longitudinal inlet
tube (16) between the open proximal and distal ends.

The pneumatic cylinder assemblies (20) are mounted on
the left side of the housing (10) and correspond respectively 35
to the transverse ports (19). Each pneumatic cylinder assem-
bly (20) has a cylinder (21), a transverse inlet tube (22), a
shaft valve (23), a piston (24) and a spring (25).

The cylinder (21) 1s mounted on the left side of the
housing (10) and has an open proximal end, a distal end, an 40
inner chamber (211) and a port (212). The open proximal
end of the cylinder (21) 1s mounted on the left side of the
housing (10) and communicates with a corresponding one of
the transverse ports (19). The inner chamber (211) commu-
nicates with the open proximal end of the cylinder (21). The 45
port (212) 1s defined through the distal end of the cylinder
(21) and communicates with the inner chamber (211).

The transverse inlet tube (22) 1s attached to the distal end
of the cylinder (21), and each transverse inlet tube (22) has
an open proximal end, an open distal end and a through hole. 50
The open proximal ends of the transverse 1nlet tubes (22) are
mounted respectively through the ports (212) in the distal
ends of the cylinders (21) and communicate respectively
with the iner chambers (211). The through hole in the
transverse inlet tube (22) 1s defined from the open distal end 55
of the transverse 1nlet tube (22) to the open proximal end of
the transverse inlet tube (22).

With turther reference to FIG. 3, the shaft valve (23) 1s
slidably mounted 1n a corresponding one of the transverse
ports (19). The shaft valve (23) has an inner end, an outer 60
end, multiple stems (231), multiple annular valve disks
(232) and multiple pairs of O-rings (233). The stems (231)
are formed on the shaft valve (23) at intervals and each stem
(231) has an outer diameter smaller than the mner diameter
of the transverse port (19). The annular valve disks (232) are 65
formed respectively between adjacent stems (231) and cor-
respond to and are aligned respectively with the air inlets

4

(111) 1n the top recesses (11) 1n the corresponding transverse
rows. Each annular valve disk (232) has two ends and an
outer diameter. The outer diameter 1s larger than the outer
diameter of the stem (231) and smaller than the inner
diameter of the transverse port (19). The pairs of O-rings
(233) correspond to the annular valve disks (232), and the
O-rings (233) of each pair are mounted around the shaft
valve (23) adjacent respectively to the ends of the annular
valve disk (232) to 1solate the air inlets (111) and selectively
seal the air inlets (111) from the corresponding transverse
ports (19).

The piston (24) 1s attached to the outer end of the shait
valve (23), 1s mounted slidably inside the inner chamber
(211) and has an 1nside end and an outside end.

The spring (25) 1s mounted around the shaft valve (23)
inside the cylinder (21) and has two ends respectively
abutting the right side of the housing (10) and the distal end
of the cylinder (21).

The air piston assemblies (30) correspond to the top and
bottom recesses (11, 12) and are mounted in the housing
(10), and each air piston assembly (30) has an air piston (34),
a grease seal (31), a shaft (36), a spring (35), a bolt (33) and
an optional breathable muftiler (32).

The air piston (34) 1s slidably mounted respectively 1n a
corresponding one of the top recesses (11), and each air
piston (34) has a bottom, a through hole, an iner surface
and an annular inner rib. The annular 1nner rib 1s formed on
the inner surface of the air piston (34) and has a top surtace
and a bottom surface.

The grease seal (31) 1s mounted securely inside the top
recess (11) around the air piston (34).

The shatft (36) 1s slidably mounted in the bottom recess
(12) through the medial passage (15) and extends into the
through hole 1n the air piston (34). The shait (36) has a
sidewall, a top end, a bottom end, an air-suction passage
(363), an 1nner thread, a side hole (362), an annular flange
(361) and an O-ring (364). The top end of the shait (36)
abuts the bottom surface of the annular inner rib in the air
piston (34). The air-suction passage (363) 1s defined 1n the
top end of the shaft (36) and communicates with the through
hole 1n the air piston (34). The inner thread 1s formed on the
inner surface inside the air-suction passage (363 ) 1n the shaft
(36). The si1de hole (362) 1s defined through the sidewall and
communicates with the air-suction passage (363 ) 1n the shaft
(36). The annular flange (361) 1s formed around the sidewall
between the side hole (362) and the top end of the shaft (36)
and has a top surface and a bottom surface. The O-ring (364)
1s mounted around the sidewall of the shaft (36) below the
annular flange (361) adjacent to the bottom end of the shaft
(36).

The spring (35) 1s mounted around the shait (36) and has
two ends respectively abutting the top surface of the bottom
recess (12) and the top surface of the annular flange on the
shaft (36).

The bolt (33) 1s mounted inside the through hole 1n the air
piston (34) on the top end of the shatt (36) and has a top end,
a head (331), an outer surface, an outer thread and an air hole
(332). The head (331) 1s formed on the top end of the bolt
(33) and abuts the top surface of the annular 1nner rib of the
air piston (34). The outer thread 1s formed on the outer
surtace of the bolt and screws into the mner thread in the
shaft (36). The air hole (332) 1s defined through the bolt (33)
and communicates with the air-suction passage (363) in the
shaft (36).

The breathable mufller (32) 1s made of a breathable
material, 1s mounted in the through hole 1n the air piston (34)
and abuts the head (331) of the bolt (33).
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The base (40) 1s mounted on the bottom of the housing
(10) and has multiple through holes (41). The through holes
(41) correspond respectively to the shaits (36) and allow the
bottom ends of the shafts (36) with the O-rings (364) to
selectively extend into the through holes (41) to close the
through holes (41). With specific reference to FIG. 2, the
mechanical suction devices can mount with each other and
be arranged 1n an array to be applied to a workpiece with a
large size.

With reference to FIGS. 4, 5 and 6, the mechanical suction
device 1n accordance with the present mvention 1s used with
a worktable (70), an air compressor and a processing
machine such as a milling device having a cutter to process
one or multiple workpieces. The air compressor provides
compressed air to the longitudinal and transverse 1nlet tubes
(16, 22).

The compressed air passing into the transverse ilet tubes
(22) pushes the pistons (24) against an elastic force of the
springs (23) toward the right side of the housing (10). The
shaft valves (23) 1n response to the pistons (25) move left
inside the transverse ports (19) and cause the stems (231) to
align respectively with the air inlets (111). Therefore, the air
inlets (111) communicate with the corresponding transverse
ports (19).

The compressed air passing into the longitudinal inlet
tubes (16) tlows through the corresponding longitudinal air
passages (13) into the transverse ports (19) and then spray
out of the air inlets (111) to push against the bottoms of the
corresponding air pistons (34). The air pistons (34) are
raised by the compressed air and draw the corresponding
shafts (36) to lift against an elastic force of the spring (35).
The bottom ends of the shafts (36) move upward out
respectively of the corresponding through holes (41), and
the side holes (362) of the shaits (36) communicate respec-
tively with the through holes (41). Then the workpieces are
put on the raised air pistons (34).

The worktable (70) generates a vacuum suction through
the through hole (41), the air-suction passage (363), the side
hole (362) 1n the shait (36), the air hole (332) of the bolt
(332) and the breathable muftlle (32). Then the workpieces

are held by the vacuum suction on the air pistons (34).

When the supply of compressed air to the transverse nlet
tubes (22) stops and compressed air 1s supplied to the inlet
tubes (16), the pistons (24) with the shait valves (23) retur
to their original positions by the elastic force of the springs
(25). The annular valve disks (232) of the shaft valves (23)
are aligned respectively with the corresponding air inlets
(111) and the pairs of the O-rings (233) break the commu-
nication between the air inlets (111) and the corresponding,
transverse ports (19). Because the outer diameters of the
annular valve disks (232) and stems (231) on the shaft valves
(23) are both smaller than the mner diameter of the trans-
verse ports (19), the compressed air inside one of the
longitudinal air passages (13) passes through gaps between
the shatt valves (23) and the corresponding transverse ports
(19). Therefore, the compressed air fills all of the longitu-
dinal air passages (13) and transverse ports (19).

With reference to FIGS. 7 and 8, selective air piston (34)
can be raised by supplying compressed air to appropriate
longitudinal inlet tubes (16) and transverse 1nlet tubes (22).
Workpieces of diflerent sizes can be easily held by the air
pistons (34) without other procedures.

With the longitudinal air passages (13) and the transverse
ports (19) defined 1nside the housing (10) and the pneumatic
cylinder assemblies (20) and the longitudinal inlet tubes (16)
mounted on the front and right side of the housing (10), the
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6

mechanical suction device 1s damaged hardly by a process-
ing machine cutter operating above the device (10).

Even though numerous characteristics and advantages of
the present invention have been set forth in the foregoing
description, together with details of the structure and fea-
tures ol the invention, the disclosure 1s illustrative only.
Changes may be made 1n the details, especially 1n matters of
shape, size, and arrangement of parts within the principles of
the invention to the full extent indicated by the broad general
meaning of the terms 1 which the appended claims are
expressed.

What 1s claimed 1s:
1. A mechanical suction device comprising:
a housing having
a front;
a top;
a bottom:
a side:
multiple top recesses defined 1n the top of the housing,
arranged 1n multiple longitudinal rows and simulta-
neously 1n transverse rows, and each top recess
having a bottom surface and an air inlet defined 1n
the bottom surface of the top recess;
multiple bottom recesses defined 1n the bottom of the
housing and corresponding to the top recesses, and
cach bottom recess having a top surface;
multiple medial passages corresponding to the top and
bottom recesses, defined inside the housing and
communicating with and mounted between the cor-
responding top and bottom recesses;
multiple longitudinal air passages defined longitudi-
nally through the housing between the longitudinal
rows of the top and bottom recesses;
multiple transverse ports defined transversely through
the housing, corresponding to and located respec-
tively between the transverse rows of the top and
bottom recesses, and each transverse port Crisscross-
ing and communicating with the longitudinal air
passages, formed below and communicating respec-
tively with the air inlets 1n the top recesses 1n one of
the corresponding transverse rows and having an
inner diameter; and
multiple longitudinal inlet tubes mounted on the front
of the housing and corresponding respectively to the
longitudinal air passages, and each longitudinal inlet
tube having
an open proximal end mounted through the front of
the housing and communicating with and attached
to a corresponding one of the longitudinal air
passages;
an open distal end; and
a through hole defined longitudinally through the
longitudinal inlet tube between the open proximal
and distal ends:
multiple pneumatic cylinder assemblies mounted on the
lett side of the housing and corresponding respectively
to the transverse ports, and each pneumatic cylinder

assembly having
a cylinder mounted on the side of the housing and
having
an open proximal end mounted on the side of the
housing and communicating with a corresponding
one of the transverse ports;
a distal end:
an inner chamber communicating with the open
proximal end of the cylinder; and
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a port defined through the distal end of the cylinder
and communicating with the inner chamber;
a transverse inlet tube attached to the distal end of the
cylinder and having
an open proximal end mounted through the port at
the distal end of the cylinder and commumnicating
with the inner chamber;

an open distal end; and

a through hole defined from the open distal end of the
transverse inlet tube to the open proximal end of
the transverse inlet tube;
a shaft valve mounted slidably 1n a corresponding one
of the transverse ports and having
an inner end;
an outer end;
multiple stems formed on the shait valve at intervals,
and each stem having an outer diameter; and

multiple annular valve disks formed respectively
between adjacent stems and corresponding to and
aligned respectively with the air inlets in the top
recesses 1n the corresponding transverse row, and
cach annular valve disk having two ends and an
outer diameter larger than the outer diameter of
the stem;

a piston attached to the outer end of the shait valve,
mounted slidably inside the mner chamber and hav-
ing an inside end and an outside end; and

a spring mounted around the shaft valve inside the
cylinder and having two ends respectively abutting
the side of the housing and the distal end of the
cylinder;

multiple air piston assemblies corresponding to the top

and bottom recesses and mounted 1n the housing, and

cach air piston assembly having

an air piston mounted slidably in a corresponding one
of the top recesses and having
a bottom:

a through hole;

an inner surface; and

an annular inner rib formed on the mner surface of
the air piston and having a top surface and a
bottom surface;

a shaft mounted slidably 1n the bottom recess through
the medial passage, extending into the through hole
of the air piston and having
a sidewall;

a top end abutting the bottom surface of the annular
inner rib 1n the air piston;

a bottom end:

an air-suction passage defined in the top end of the
shaft and communicating with the through hole of
the air piston;
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8

an 1nner thread formed on the 1nner surface 1nside the
air-suction passage 1n the shaft;

a side hole defined through the sidewall and com-
municating with the air-suction passage in the

shaft; and

an annular flange formed around the sidewall
between the side hole and the top end of the shaft
and having a top surface and a bottom surface;

a spring mounted around the shaft and having two ends
respectively abutting the top surface of the bottom
recess and the top surface of the annular tlange on the

shaft; and

a bolt mounted inside the through hole 1n the air piston
on the top end of the shait and having

a top end;

a head formed on the top end of the bolt and abutting,
the top surface of the annular inner rib of the air
piston;

an outer surface;

an outer thread formed on the outer surtace of the

bolt and screwing into the inner thread 1n the shatft;
and

an air hole defined through the bolt and communi-
cating the air-suction passage in the shaft; and

a base mounted on the bottom of the housing and has
multiple through holes corresponding respectively to

the shafts and respectively allowing the bottom ends of
the shaits to extend into the through holes to close the
through holes.

2. The mechanical suction device as claimed 1n claim 1,
wherein each air piston assembly further has a grease seal
mounted securely inside the corresponding top recess
around the air piston.

3. The mechanical suction device as claimed 1n claim 2,
wherein each air piston assembly further has a breathable
mufller made of a breathable material, mounted in the

through hole of the air piston and abutting the head of the
bolt.

4. The mechanical suction device as claimed 1n claim 1,
wherein the shatit of each air piston assembly further has an
O-ring mounted around the sidewall of the shaft below the
annular flange adjacent to the bottom end of the shatt.

5. The mechanical suction device as claimed 1n claim 1,
wherein the shaft valve of each pneumatic cylinder assembly
further has multiple pairs of O-rings corresponding to the
annular valve disks, wherein the O-rings of each pair are
mounted around the shait valve adjacent respectively to the
ends of the annular valve disk.
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